Objectives-To examine the comparative reliability and validity of three simple ways of rating upper limb tremor in patients with multiple sclerosis. Methods-Three examiners independently rated severity of upper limb tremor in patients with multiple sclerosis on a 0-10 scale by studying videotape recordings of patients' examinations, spiral drawings, and handwriting samples. The correlations of the tremor severity scores with scores from arm dexterity tests and a tremor related disability scale were also assessed. Results-Rating tremor on posture had a good intrarater and interrater reliability. However, these reliabilities decreased when kinetic tremor was assessed, in part because dysmetria was a confounding factor. The intrarater reliabilities of rating tremor from spirals and handwriting were also good but the interrater reliabilities were only fair to moderate. Tremor severity scored by all three methods correlated highly with scores obtained from the nine hole peg test, finger tapping test, and a tremor related activities of daily living (ADL) questionnaire, indicating that all three methods were valid ways of assessing tremor in multiple sclerosis. Conclusion-Multiple sclerosis tremors in posture can be scored using a clinical rating scale in a valid and reliable way, and from spirals and handwriting samples if the ratings are carried out by the same examiner. However, scoring kinetic tremor was less reliable. In addition, the nine hole peg and finger tapping tests provide useful objective assessments of upper limb function in tremulous patients with multiple sclerosis. (J Neurol Neurosurg Psychiatry 2000;68:756-760) 
Upper limb tremor in multiple sclerosis was present in 55 of 100 randomly selected patients in a study conducted from a multiple sclerosis unit in north west London and was disabling in at least one third of these. 1 Another study had found that moderate and severe tremor were present in 32% and 6% of patients respectively. 2 Multiple sclerosis tremor manifests on action; including posture (postural), during movement (kinetic) or both and can be embedded in a complex ataxic movement disorder making accurate grading of tremor diYcult. 2 3 Various diVerent tremor rating scales have been deployed in therapeutic trials involving patients with multiple sclerosis tremor but these have not been tested for their reliability and sensitivity to change. Most of these tremor scales are simple with four or five points. [4] [5] [6] A valid, precise, and reliable scale (that ideally takes into account the various components of the complexities of multiple sclerosis tremor) is required if comparisons between multiple centres and eYcacy of diVerent interventions are to be assessed accurately.
The 0-10 clinical tremor severity score devised by Bain et al has been shown to be a reliable and valid method of measuring essential and dystonic tremors. 7 This 10 step grading system has the advantages of providing a precise scale that can be easily used in a clinical setting to assess tremor in a specific body part during posture and movement. 7 However, its use for scoring impairment caused by multiple sclerosis tremors, in which other ataxic elements may complicate the picture, has not been previously examined. This study evaluates the construct validity, intrarater, and interrater reliability of this scale when used in three diVerent ways to assess upper limb tremor in patients with multiple sclerosis. The scale was applied by three raters scoring the severity of tremor in the upper limbs (1) during action (posture and movement), (2) in writing, and (3) in spiral drawing. The comparative reliability of rating multiple sclerosis tremor in these three ways was determined.
Patients and methods
Ethical approval for the project was obtained from the Riverside research ethics committee, London. Patients with a definite diagnosis of multiple sclerosis (Poser, 1983) and associated upper limb tremors were recruited for this study from outpatient clinics at Charing Cross Hospital and the multiple sclerosis unit at Central Middlesex Hospital. Patients with other known neurological problems and those with tremor associated with other medical problems were excluded from this study. Patients with profound weakness of the upper limbs (power grade<3/5 MRC scale) were also excluded. Twenty six (65%) of the patients studied had normal power in the arms. The rest had mild to moderate weakness (power 3-4/5 MRC scale). Sensory impairments were demonstrated in one or both arms of half (20/40) the patients in the study (14 patients had abnormal light touch and pinprick sensation, 11 reduced vibration sense, and five impaired joint position sense).
RATING TREMOR AT REST, ON POSTURE, AND DURING MOVEMENT Forty two video recordings were made from 30 patients. Five patients had more than one recording (two or three) made after various interventions, at least 3 months apart. There were 14 men and 16 women, average age was 42.9 years (SD 10.3), range (23-70), and average disease duration was 17.4 years (SD 7.0). The patients' median expanded disability status score (EDSS) was 6.5 (range 1-9). Twenty four of the patients were right handed and six were left handed.
The patients were examined and videotaped in the sitting position. The rest component of tremor was examined with the arms relaxed and supported in the patient's lap; however, this was excluded from the analysis as none of the patients had rest tremor. The postural component was examined in two postures: (1) with the arms outstretched and the hands pronated (P1), and (2) with the arms flexed at the elbows, and abducted at the shoulders to 90 degrees with the hands pronated and the fingers held near to the nose ("the batswing" position) (P2). The movement component was examined during a finger-nose-finger test (M). The three clinicians were asked to rate tremor severity for each of these actions separately on the 0-10 scale. Two of the raters repeated the scoring on the same video recordings 15 months later to assess intrarater reliability. For this study only the right hand scores were used. This was done to eliminate bias when scoring left arm tremors as previous work by us had shown that the tremor severity between the hands of each patient were correlated. The associated dysmetria and dysdiadochokinesia were also rated on a 0-4 scale by looking at patients' movements while reaching out and touching a target and performing alternating hand movement respectively (appendix 1). For the purposes of this study all rhythmic tremulous movements were considered to be the result of tremor (defined as a rhythmic oscillation of a body part). Thus the raters were asked to score the rhythmic oscillations of the upper limb or the manifestations of that movement in writing or drawing specimens.
RATING TREMOR FROM SPIRAL DRAWINGS AND HANDWRITING SAMPLES
Twenty three patients, seven men and 16 women, provided spiral drawings and handwriting samples. The patients' average age was 43.0 years (SD 11.9), range (18-67), with an average disease duration of 17.3 years (SD 10.4). Median EDSS was 6.5 (range 1-9)). Twenty of the patients were right handed and three left handed.
The patients were asked to draw an Archimedes spiral and to write the phrase "Mary had a little lamb". All samples were performed with the patients seated and the forearm supported on a table. Spirals were drawn with both hands and handwriting samples were obtained from the dominant hand only. Some patients with very severe tremor were unable to perform all the tasks. Thus, 21 patients completed a spiral with the right hand, 22 with the left hand, and 20 patients provided a handwriting sample. All the samples obtained were photocopied twice, then the photocopies were individually number coded and shuZed. This produced a total of 86 spirals and 40 handwriting samples. The three raters were then asked to score the spirals and handwriting on the 0-10 scale while referencing the book "Assessing Tremor Severity" (Bain and Findley 1993). 8 The raters were blinded to the fact that each sample had been duplicated to assess the intrarater reliability.
VALIDATION OF THE TREMOR CLINICAL GRADING

SCORES
All patients underwent the following arm function tests before being scored on the tremor scale:
(1) The nine hole peg test (9HPT): Patients were asked to place nine pegs in holes with the dominant hand and then repeat the test with the non-dominant hand as previously described. 9 The test ended when all nine pegs were placed or after a maximum of 50 seconds. The speed of the manoeuvre was then calculated as the number of pegs per second.
(2) Finger tapping test (FTT): Patients were asked to tap a key on a large calculator with their index finger with the dominant hand and then repeat this with the non-dominant hand for 10 seconds as previously described. 10 (3) Activities of daily living self questionnaire (ADL) 7 : This questionnaire consists of a list of 25 activities that could be aVected by tremor. In this questionnaire patients are asked to circle a number (from 1-4) that describes most accurately how easy or diYcult it is to perform that activity. The sum of the scores for each item is then converted into a percentage indicating the level of tremor related disability (the higher the score, the more disabled the patient; appendix 2)).
STATISTICAL ANALYSIS
The intrarater and interrater reliabilities of rating tremor on posture and during movement, from spiral drawings and from handwriting, were calculated using Cohen's coeYcient and weighted . 11 This provides a measure of the degree of interobserver agreement for pairs of observers assigning individual observations subjectively to one of a range of categories and also comparisons made by a single observer at two diVerent times.
The weighting system adopted was modified from the standard weighting so that:
(1) A weighting of 1 was assigned when all raters assigned equal scores (perfect agreement).
(2) A weighting of 0.8 was given when the scores diVered by ±1 out of 10 among the raters.
(3) Any other score was given zero weight. Thus, only scores in perfect agreement or deviation by ±1 between raters were permissable.
Although this weighting system is more rigorous than the conventional weighting (table 1)) and thus reduces the values obtained, we considered a variation of ±1 out of 10 to be reasonable in the context of a clinical trial, whereas interrater diVerences of >±1 would be less acceptable. Although this decision is arbitrary, it is based on the authors' previous experiences of rating other forms of tremor with this scale.
Construct validity is defined as the extent to which results obtained using a measure concur with the results predicted from the underlying theoretical model. If it is accepted that manual dexterity is aVected by ataxia, then the results of a measure of ataxia should correlate with an independent measure of dexterity. If the correlation is perfect, the measure becomes redundant but this is rarely the case. If there were no correlations at all, then one of these two measures would probably be invalid. 12 The construct validity of rating severity of tremor by each of the three methods was evaluated by calculating the Spearman correlation coeYcients between the mean tremor scores given by the three raters with the patients' scores on the arm function tests. These were the FTT, 9HPT, and the ADL self questionnaire. The patients' tremor scores given on the second posture (P2) were used in the analysis as this position is most similar to that used in the functional tasks such as handwriting and spiral drawing.
Results
RELIABILITY WITHIN AND BETWEEN RATERS
Rating tremor on posture and during movement Analysis was performed on 27 patients as in three patients right arm weakness interfered with their tremor grading for this arm. The coeYcients for the intrarater and interrater reliability of clinical grading using the 0-10 scale are shown in table 2. Overall the rating scale had substantial to almost perfect intrarater and fair to substantial interrater reliability for assessment of the postural components of tremor in patients with multiple sclerosis. The strength of agreement of the ratings of kinetic tremor were fair to substantial for both intrarater and interrater reliability. Similarly, the examiners had fair to moderate intrarater reliability in assessing dysmetria and dysdiadochokinesia as is seen in table 3.
Rating tremor from spiral drawings or handwriting
The strength of agreement for the intrarater reliability of each of the three examiners rating tremor from spirals was on the whole substantial to almost perfect (table 4). The strength of agreement for interrater reliability was fair to moderate (table 4) .
As with spirals, rating tremor from handwriting samples was associated with good intrarater reliability and less interrater reliability (table  4) .
CONSTRUCT VALIDITY Spearman's correlation coeYcients for the relations between each of the three tremor assessment methods and the FTT, 9HPT, and the ADL questionnaire are shown in table 5. Two patients did not return their tremor ADL questionnaires. Two patients who were videotaped did not do the FTT and 9HPT and five of the spirals/handwriting group did not do the 9HPT. Right arm postural tremor scores correlated well with right arm FTT and 9HPT scores (table 5) . There was also a good correlation of postural tremor scores and patient perceived disability as quantified by the tremor ADL questionnaire. Tremor scores from spiral drawings of both dominant and non-dominant hands and dominant handwriting had a high correlation with the 9HPT (table 5) . However, tremor scores from the non-dominant hand spirals correlated less with the tremor ADL, as would be expected, because most of the items on the scale are usually performed by the dominant hand. 
Discussion
To our knowledge there is only one other published study examining the reliability of a clinical scale for scoring tremor in multiple sclerosis. Hooper et al developed a modified version of Fahn's tremor rating scale to accommodate goal directed tremor and studied its reliability in patients with multiple sclerosis. 13 14 However, in their study, Spearman's correlation coeYcient analysis and Friedman's analyses of variance were carried out to determine reliability and the validity of the scale was not assessed.
Ataxia scales can be used for rating tremor in multiple sclerosis but tend to lack precision and have not been validated for measuring tremor. 15 16 Thus a valid and reliable way of measuring multiple sclerosis tremor would be useful. Consequently, we examined the validity and comparative reliability of the 0-10 tremor severity scale, which had already been validated in other tremulous conditions. 7 This 10 point scale was chosen to reduce the percentage error caused by a single unit discrepancy between the raters. The smaller the number of gradations on the scale, the less sensitive it is and the greater the error caused by a 1 unit diVerence between raters' scores. However a 0-10 scale also suVers from "bottom" and "ceiling" eVects and it is more diYcult for the raters to "place" a score on an expanded scale although the scale that we used has additional verbal cues (mild, moderate, severe) to help accurate scoring. 7 All three raters found this 0-10 scale to be rapid and easy to use. The scale was found to be a valid way of assessing tremor in these patients. The most reliable test was rating tremor on posture (P2) which had good intraater and interrater reliabilities. All the patients irrespective of tremor severity or accompanying deficits, could be rated on posture, giving this method an advantage over handwriting and spiral analysis, which required patients to have a certain amount of dexterity.
The limitations of rating multiple sclerosis tremors from spirals and handwriting samples were disclosed in this study. Both of these methods have a low ceiling eVect in that some patients with incapacitating tremors were unable to draw spirals or write although their tremors could be rated from simple postures and movements. Secondly, the interrater reliability of scoring tremor from spirals and handwriting was lower than that when tremor was scored on posture (handwriting was worse) (see table 6 ). This gradient in the interrater reliabilities reflects increasing disagreement among the three raters as the complexity of movement and perhaps ataxia in the three tasks increased.
The 0-10 scale was found to be least reliable for rating kinetic tremor. Two possible explanations for this finding are: firstly, that multiple sclerosis tremors can vary throughout a movement making it diYcult for the examiner to know what magnitude is representative, a problem previously encountered in a study of essential and dystonic tremor. 7 Secondly, multiple sclerosis tremor is confounded by other ataxic deficits that manifest during movement which blur the phenotypic features of tremor making grading diYcult and perhaps also more subjective.
The diYculty of distinguishing between tremor and other ataxic deficits is also shown by the problems involved in scoring dysmetria and dysdiadochokinesia in these tremulous patients; the 0-4 ataxia scale used in this study produced a fair to moderate intrarater and interrater reliability, although this may in part have been a product of the scale's design.
The results obtained from the 9HPT and the FTT correlated well with postural tremor scores and thus may provide useful objective methods for assessing arm dexterity in tremulous patients with multiple sclerosis. This is particularly useful for clinical trials evaluating upper limb function as well as the eYcacy of tremor treatments in patients with multiple sclerosis. Furthermore, the results indicated that spiral drawing and handwriting samples correlated highly with patients' perceived tremor disability and hence, if used by the same rater, provide valid and reliable measures of tremor in these patients.
In summary, all three ways of rating tremor in patients with multiple sclerosis are valid. The most reliable method was shown to be scoring tremor on posture (P2). The same assessor should rate spirals and handwriting samples, if these methods are deployed with patients with multiple sclerosis. Kinetic tremor and associated ataxic deficits are more diYcult to score reliably. On the other hand, the 9HPT and FTT provide results that correlate well with patients' tremor induced disability, but are also susceptible to other impairments of upper limb function.
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